DNA from human T-lymphoid (Molt-4) and hamster kidney (BHK-21) cells infected with the T-lymphotropic simian foamy virus LK-3 was shown to be infectious, when assayed by transfection of BHK-21 cells. The proviral genome was further characterized by blot hybridization to a specific cDNA probe, which had been prepared by reverse transcription in vitro using viral RNA and RNA-dependent DNA polymerase present in cytoplasmic extracts of infected BHK-21 cells. This probe hybridized to a DNA species of 14 kbp in extracts from LK-3-infected diploid human fibroblasts, Molt-4 and BHK-21 cells, whereas no hybridization occurred with DNA from the respective uninfected controls. No integrated proviral DNA could be demonstrated, and the 14 kbp DNA was shown not to represent circular DNA. The patterns of restriction endonuclease and S1 nuclease fragments indicated a unique configuration of linear double-stranded DNA containing a single-stranded section separating two subunits one of which may be sufficient to transmit LK-3 by transfection with DNA.
The recent discovery of pathogenic human T-cell lymphotropic retroviruses has stimulated interest in primate retroviruses. The foamy virus group, or Spumavirinae constituting a subfamily of the Retroviridae, comprises individual viruses isolated from a wide range of mammalian species, among them a variety of primates (Hooks & Hooks, 1981) including man (Achong et al., 1971) . Foamy viruses display specific biological properties that discriminate them from other retrovirus subfamilies (Hooks & Gibbs, 1975) . At present it is not clear whether these singularities are correlated with distinct molecular properties of foamy viruses. Little is known about the nature of the RNA genome (Loh & Matsuura, 1981) and its replication, though the reverse transcriptase (RT) of simian foamy virus type 1 has been well characterized (Benzair et al., 1983) . Investigations of the molecular status of viral DNA suggesting integration into the genome of infected cells are as yet restricted to a series of studies with feline syncytiumforming virus, employing the transfection technique (Chiswell & Pringle, 1977 .
Our work with a recent simian foamy virus isolate, designated LK-3 (zur Hausen & Gissmann, 1979; Neumann-Haefelin et al., 1983) , may be of special interest because of its T-cell lymphotropic properties and because it was derived from an African green monkey living in a colony where two infections have occurred in animal house personnel. This paper describes the characterization by blot hybridization of DNA extracted from LK-3-infected cells using standard methods (Polack et al., 1984) . In transfection assays discussed below, this DNA proved to contain infectious LK-3 genomes (Table 1) . As a probe of hybridization, radioactively labelled cDNA was prepared by reverse transcription in vitro. The endogenous viral RNA associated with RT was extracted from LK-3-infected BHK-21 cells as previously described (Neumann-Haefelin et al., 1983) . For reverse transcription, a cytoplasmic * Assays were performed using the calcium phosphate precipitation method according to Wigler et al. (1978) with minor modifications. Fifty ktg of DNA per assay was used. Precipitates were transferred to semi-confluent BHK-21 monolayers in 75 cm 2 dishes without removing the culture medium. After 3 h at 37°C the medium was removed, 50 ml of Eagle's MEM containing 20% DMSO was added for 90 s, and cultures were washed three times with Eagle's MEM. When the monolayers became confluent, the cells were subcultured until cytopathic changes occurred. Viral specificity was verified by indirect immunofluorescence using specific antisera (NeumannHaefelin et al., 1983) .
t Synopsis of nine experiments.
extract of 5 x l06 infected cells was supplemented with magnesium acetate (10 mM), actinomycin D (50 ~tg/ml), dATP, dGTP and TTP (600 ~tM), and [0t-3zp]dCTP (6 I.tM), sp. act. 200 to 400 Ci/mmol) in a final volume of 200 ~tl RT buffer. After 2 h at 37 °C, EDTA (10 mM), carrier tRNA (20 txg/ml) and sodium acetate (300 mM) were added prior to precipitation by 2 vol. ethanol. The precipitate was pelleted and resolved in 0.1 ml 0.1 M-NaOH by heating to 65 °C for 1 h to hydr01yse the residues of the RNA templates. The labelled transcripts were isolated by Sephadex chromatography, yielding l07 to 3 x 107 c.p.m, in peak fractions. The size of the majority of labelled DNA molecules was found to be in the range of 500 to 800 bases as estimated by agarose gel electrophoresis. Attempts to isolate reversely transcribed DNA from extracts of uninfected BHK-21 cells failed repeatedly.
When used as a probe in Southern blot hybridization under conditions of minor stringency for DNA of >40% G :C content (50% formamide, 5 x SSC, 42 °C) the labelled cDNA bound specifically to DNA extracted from LK-3-infected Molt-4 cells (Neumann-Haefelin et al., 1983) . No hybridization was observed on blots of DNA from uninfected cells. Electrophoresis in 0.8 % agarose gels, carried out with sheared, or untreated, high mol. wt. DNA under standard conditions, separated a single size class of DNA that hybridized to the LK-3-specific probe. Compared with a commercial size marker (1 kb ladder, Bethesda Research Laboratories) and an additional set of defined cloned DNAs, this band migrated as 14 kbp linear DNA (Fig. 1 a) and will be referred to as such. By HindlII, this DNA was cleaved into fragments of 11, 1.2 and 0.6 kbp, the 1.2 kbp fragment apparently being generated at hypermolar concentrations. Digestion of the same DNA with restriction endonucleases other than HindlII resulted in the patterns of Southern blot hybridization shown in Fig. 1 (b to d) . The virus specificity of the 14 kbp DNA and its digests was further confirmed when the same restriction enzyme cleavage patterns were found with DNA from LK-3-infected human diploid cells and hamster cells (BHK-21). Background hybridization on BHK-21 DNA blots could be efficiently suppressed by inclusion of unlabelled DNA from uninfected BHK-21 cells in the hybridization mixture. As identical results were also obtained with BHK-21 cells to which LK-3 had been transmitted by transfection (Table 1) , a non-viral origin of this DNA became even more improbable. Finally, foamy virus specificity of the hybridization signals was proven by cross-hybridization of the
• :: On Southern blots of all endonuclease digests of LK-3 D N A , the sum of the sizes (kbp) calculated from the individual, non-equimolar fragments was different from the 14 kbp found in uncleaved material. This may be explained by the occurrence of repeated sequences, or a lack of hybridization of certain fragments due to defectiveness of our probe. Consequently, it would be unwise to speculate on details of the LK-3-restriction map at this point, as mapping is more likely to be correct using cloned D N A probes.
In the case of a retrovirus genome, submolar fragments of viral D N A may also be attributed to the co-existence of free linear and circular as well as integrated viral DNAs. Subsequent experiments, however, did not support such an explanation. Fig. 3 shows the blot hybridization of an agarose gel, where 106 infected Molt-4 cells were lysed by detergent at the beginning of electrophoresis (Eckhardt technique, modified by Gardella et al., 1984) . As in experiments with phenol-extracted DNA, viral sequences were detected only at 14 kbp position or below. High mol. wt. DNA, assumed to retain maximum integrity under these conditions, is able to migrate only a short distance in the gel. Efficient blot transfer of this class of DNA, confirmed by hybridization to 32p-labelled human DNA, suggested a high probability of detecting foamy virus sequences if viral DNA integrated in several copies had been present. Two different methods were used to search for circular viral sequences in DNA extracted from LK-3-infected Molt-4 cells by the method of Hirt (1967) . In two-dimensional coelectrophoresis (Johnson & Grossmann, 1977) , the 14 kbp LK-3 DNA behaved differently from plasmid control DNA, and migrated to a position characteristic of linear molecules (data not shown). The second attempt to detect supercoiled LK-3 DNA was based on equilibrium centrifugation in CsC1 in the presence of ethidium bromide (Radloff et al., 1967) . Dot blot hybridization (Fig. 4) with the LK-3-specific probe localized all detectable viral DNA in gradient fractions at about 1.55 g/ml. In comparison, plasmid DNA added as a control before lysis of the LK-3-infected Molt-4 cells was recovered in fractions at about 1.6 g/ml, as expected.
From these results, we conclude that 14 kbp linear molecules are prevalent in LK-3-infected cells as an unusually sized replicative form of the viral genome. Interestingly, the 14 kbp DNA revealed some instability in gradient-purified as well as in sheared DNA preparations. The appearance on Southern blots of an additional band of about 7 kbp suggested a defined breaking point in the centre of the molecule. Since a previous communication on the structure of retrovirus DNA (Gianni & Weinberg, 1975) suggested the existence of single-stranded sections in free linear DNA, we hypothesized that a single stranded centre of LK-3 DNA would favour breakage. To investigate this possibility, we digested untreated or endonuclease-cleaved DNA with 7 units of S1 nuclease (Boehringer Mannheim) per ~tg of DNA under the conditions recommended by the manufacturer, and analysed the products by Southern blot hybridization. New fragments of half the length were generated (Fig. 5) , indicating an S1 nuclease-sensitive site in the centre of the 14 kbp DNA and the long restriction endonuclease fragments. Additional fragments in some digests (e.g. lanes A', B' and E' in Fig. 5 ) may be due to sites of minor S 1 sensitivity. These data would be explained by a symmetrical location of endonuclease cleavage sites on a dimeric DNA molecule consisting of two 7 kbp duplex subunits linked by single-stranded DNA. According to this model and previous reports on the size of the various retrovirus genomes (Varmus & Swanstrom, 1982) one 7 kbp subunit is probably sufficient to carry the information encoded by the LK-3 genome. To examine this hypothesis, transfection experiments were resumed (Table 1) In lane E, the DNA was uncleaved, and in lane E' digested with S1 nuclease only.
which had been digested with $1 nuclease, DNase, HindlII and SaII. Of these different treatments, only DNase and HindIII repeatedly dissected the 14 kbp molecule and appeared to inactivate infectivity, whereas the non-cutting enzyme SalI (Fig. 1, lane F) and the bisecting S1 endonuclease did not affect infectivity. Complete cleavage of the 14 kbp DNA was monitored by Southern blot hybridization. The results of the transfection experiments summarized in Table 1 as well as those of the Southern blot analyses are not in accordance with ChisweU & Pringle (1978 , who concluded from transfection experiments that infectious DNA from feline syncytium-forming virus-infected cells represents integrated proviral sequences. Although feline syncytiumforming virus is a member of the foamy virus subfamily (Spumavirinae) of retroviruses, these data may be not entirely pertinent to simian foamy viruses.
Our results taken together suggest the presence, in LK-3-producing cells, of an abundant amount of replicative proviral DNA, consisting of 14 kbp linear dimeric molecules. Although no similar DNA structure has been described for any other retrovirus before, it might be speculated that the dimeric structure of proviral DNA may be directly related to the analogous diploid arrangement of virion RNA postulated for all retroviruses (Bender et al., 1978) . The question whether the linear 14 kbp DNA is the only type of viral DNA, or if LK-3-infected cells contain low quantities of circular and integrated sequences, cannot definitely be answered by our results. Furthermore, the situation may be different in cultured cells persistently infected with LK-3 (Neumann-Haefelin et al., 1983) and in host organs harbouring the virus. We feel that further experiments using the biologically prepared cDNA probe described in this paper will not be satisfactory in answering these questions. The next step towards understanding the mechanism of foamy virus replication will require the better defined cloned DNA probes presently being developed.
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